In this paper, we introduced a new type of matrices, we called it orthogonal of type I matrix. It is a generalization of orthogonal matrices. We defined the index of these matrices and we studied some of their properties such as inverse and eigenvalues and eigenvectors. The importance of these matrices comes from the fact that they are invertible, and we have formulas for their inverses which are derived by simple calculations and we used the orthogonal of type I matrices to construct new algorithm in cryptography system.
Introduction
Orthogonal matrix is an important type of matrices. This importance comes from its applications in many fields such as, cryptography, computer science, enginering, etc. In 1878, Forbenius introduced the rank of matrix and used it in his definition of orthogonal matrices [1] . The standard inner product in R n is defined by < u, v >= u T v, and the standard inner product in C n is defined by < u, v >= v * u. [2] In this paper, <, >, , | |, det(A), ind(A) , N, R n , C n , A * , A, A T , I n , M n×n and lcm means the ineer product, 2-norm, absolute value (Modulus), determinant, index, natural numbers, the set of all n × 1 real matrices, the set of all n × 1 complex matrices, transpose conjugate(conjugate transpose) ,conjugate, transpose, the n × n identity matrix , the set of all n × n matrices and the least common multiple respectively .
Results and Discussion
Definition 2.1 A square matrix A n×n is called an orthogonal of type I matrix if
, for some k ∈ N.
• A = 1 −1 + i 1 −1 and B = 1 0 1 −1 are orthogonal of type I matrices.
Definition 2.2 Let
A be an orthogonal of type I matrix. The smallest positive integer k with
is called the index of A. In such case, we say that A is an orthogonal of type I of period k or k − period orthogonal of type I matrix and we denote it by ind(A).
is an orthogonal of type I matrix.
Every orthogonal matrix is an orthogonal of type I matrix and the converse is not true.It is of index 1.
Theorem 2.4
If A is an orthogonal of type I matrix of index k, then det(A k ) = ±1.
Proof:
Let A be an orthogonal of type I matrix of index k, then
Theorem 2.5 If A is an orthogonal of type I matrix of index k, then it is invertible with
Theorem 2.6 Let A ∈ M n×n matrix , then the following statements are equivalent:
(1) A is an orthogonal of type I matrix. 
(1 ⇒ 2) Suppose that A is an orthogonal of type I matrix. So
Hence A is an orthogonal of type I matrix.
(4 ⇒ 5) Suppose that A is an orthogonal of type I matrix.
Hence A * is an orthogonal of type I matrix.
Hence A is an orthogonal of type I matrix. 2 Theorem 2.7 If A n×n and B n×n are commute orthogonal of type I matrices,then AB is orthogonal of type I matrix.
Proof: Let A and B be orthogonal of type I matrices with the same index k, then 
Suppose that A is an orthogonal of type I matrix, So 
* is an orthogonal of type I matrix with ind(A * ) ≤ k. suppose that ind(A * ) = k − r, 1 ≤ r < k.
Taking the conjugate of both side:
Thus ind(A) = k − r which is a contradiction Hence ind(A * ) = k. Similarly with respect to A −1 and A. 2
Theorem 2.10
If λ is an eigenvalue of an orthogonal of type I matrix A with index k, then λ is of modulus 1.
Proof:
Let A be an orthogonal of type I matrix with index k, then
Since λ is an eigenvalue of A, then λ k is an eigenvalue of A k and 1/λ k is an eigenvalue of (A k )
−1
Since A k and (A k ) T have the same eigenvalues, then
Since |λ| > 0 and real number, then we must have |λ| = 1. 
, where i = 1, 2, ..., n
Decrypting Process
Multiplying the encrypted text en i by the orthogonal of type I matrix C
Because the encryption using the matrix C Let see how to encrypt the message "LET US HOPE" , the message contain 3words ,then according to the new algorithm we must sort the message into 3blocks ,such that n = 3.every block need to orthogonal of type I matrix of index k i . To decrypt the cipher-block message , we use the decrypted process: 16 : the number 16 represent the character "P" 39e 5 : the number 5 represent the character "E"
Conclusion
Orthogonal of type I matrix is a generalization of the orthogonal matrix.These matrices are invertible(it easy to compute:it depends on A and A T ) and its eigenvalues are of modulus 1. Every orthogonal of type I matrix A of index k induces a set of orthogonal matrices{A nk } n∈N . These matrices can use in many applications, one of these applications have been given: cryptography system.
